Optimization of label-free DNA detection with electrochemical impedance spectroscopy using PNA probes.
DNA biosensors, especially those based upon detection of the intrinsic negative charge of target DNA, can be greatly improved by the use of uncharged peptide nucleic acid (PNA) probes. Hybridization causes an increased electrostatic barrier for the negatively charged ferri/ferrocyanide redox couple, resulting in an increase in charge transfer resistance R(ct) that is measured using electrochemical impedance spectroscopy. We report on the optimization of PNA probe surface density by the simultaneous co-immobilization of thiol-modified probes and mercaptohexanol, with the PNA surface density controlled by the thiol mole ratio in solution. Maximum R(ct) change upon hybridization is obtained with 10% PNA mole fraction. The effect of the measurement buffer ionic strength is investigated. The electrostatic barrier for charge transfer to the ferri/ferrocyanide redox couple is approximately independent of ionic strength with PNA probes, but greatly increases with decreasing ionic strength, after hybridization with target DNA. This significantly enhances the R(ct) change upon hybridization. The optimization of PNA surface density and measurement buffer ionic strength leads to a 385-fold increase in R(ct) upon hybridization, a factor of 100 larger than previously reported results using either PNA or DNA probes.